The possibility that the posterior lobe of the pituitary may provide the neuroglandular link for activation of the anterior lobe was entertained by Hensey and Markee as early as 1933 when they postulated that "the pathways from the hypothalamus must activate the posterior lobe of the hypophysis which in turn may exert an influence on the anterior lobe by hormonal transmission."' This relationship has become of more than theoretical interest since vascular links between the anterior and posterior pituitary glands have been demonstrated in the rat,'8 dog," rabbit, cat, guinea pig,'7 and man.' The functional significance of these interlobar vessels has been demonstrated by their ability to maintain the integrity of a significant volume of anterior pituitary following infarction of the stalk of the anterior lobe in the rat, sheep, goat, baboon, rhesus monkey, and man.10
trophic,1' and adrenocorticotrophic hormone release. The evidence that ACTH may be regulated by the neurohypophysis lies along three lines: (i) the administration of exogenous vasopressin results in ACTH discharge; (ii) ADH and ACTH are released or inhibited simultaneously; and (iii) the posterior pituitary is essential for the release of ACTH.
Stimulation of A CTH release by exogenous ADH. The repeatedly observed effect of exogenous vasopressin upon adrenal activation is the best documented of the arguments for its role in ACTH release. The effect of posterior lobe extracts upon the adrenal cortex was first noted by opotherapists. Baduel Received for publication 4 November 1960. said to be the first to demonstrate the corticotrophic effect of the pituitary gland. It is not generally appreciated that he attributed this activity to the posterior pituitary. He demonstrated that the administration of either whole extract or posterior pituitary extract doubled adrenal weight, caused hyperplasia of adrenal cortex, and produced pituitary basophilia' (confirmed by .u The investigations of the opotherapist lay fallow for more than two decades until their studies were confirmed by several investigators seeking to find in the pressor activity of the posterior lobe a possible etiology of vascular disease. Moehling and Osius in 1931 and Hantschmann in 1937 noted the hypertrophy of the zona fasciculata of the suprarenal cortex in response to vasopressor fractions of the pars neuralis.`M In 1935 Moszkowska noted the presence of corticotrophic activity of the pars neuralis when injected into normal rabbits. She attributed this to diffusion of colloid containing ACTH from the anterior lobe.'
In his attempts at ACTH purification Sayers noted in 1943 that posterior lobe contamination of ACTH produced an additive adrenal response in the normal animal. This effect was localized in the vasopressin fraction and was abolished by hypophysectomy of the recipient animal.' Parks some eight years later also remarked about this property of the posterior lobe extracts.7"
The first intensive investigation of this activity of vasopressin was published by Eser have ranged from posterior lobe extracts to synthetic (and therefore presumably pure) arginine and lysine vasopressin. In addition it has been shown that inactivation of the pressor activity parallels inactivation of ACTH releasing activity.9 Although we can conclude from these studies that vasopressin stimulates ACTH release, we must also discuss the specificity of this effect and its physiological significance. Because of the possibility that vasopressin may act as a nonspecific stressor, preparations have been employed in which the ACTH response to various stresses has been inhibited or abolished ( Table 2 ). The 23 published attempts to demonstrate a specificity of response have employed various preparations which include: the immature rat, the steroid block, the morphine-nembutal block, chloropromazine block, prolonged ether anesthesia, hypothalamic lesions, ocular pituitary transplants, decerebrate and ether anesethetized rats, neurohypophysectomy, and pituitary stalk section.
In each of these experimental situations the preparation has shown an inability to respond to one or more stressing procedures, indicating some degree of isolation of the pituitary gland from its afferent stimuli. The demonstration that vasopressin is specifically active in these circumstances makes the conclusion that the material acts directly upon the pituitary seem justified. This conclusion is strengthened by the observation that synthetic lysine vasopressin has a corticotrophin releasing effect upon the pituitary in vitro.*' It is noteworthy that the systemic doses necessary for adrenal activation are in general the same as those used in the normal animal.
Nagureda and Gaunt were the first to question the physiological significance of the ACTH releasing effect of vasopressin when they studied the phenomenon in 1951. In their classic work they noted that the dose of pitressin necessary for adrenal activation was 20 to 80 times that reproducing physiological antidiuresis (0.005 units)." Shannon and later Lausen studied the rate of ADH liberation in dog and man and found that the physiological rate of secretion fell between 0.001 to 0.005 and 0.007 to 0.050 units respectively.'9' It is readily appreciated (from Tables 1 times as large as that reproducing physiologic antidiuresis. They also discovered that the in vitro dog adrenal is unresponsive to vasopressin.' These studies warrant delay in the acceptance of Hilton's theory of direct adrenal activation by the posterior pituitary. In another experimental approach Sayers found that the administration of 0.5 to 5 units of pitressin to decapitated animals maintained by artificial respiration resulted in ascorbic acid depletion. This was confirmed in 24-hour hypophysectomized rats in which he injected 1 to 5 units of pitressin and purified or synthetic arginine vasopressin.8' The significance of these observations is obscure in light of Lipscomb's failure to demonstrate a corticogenic effect of vasopressin upon the rat adrenal.
The coincidence of ADH and ACTH release. The second major tenet of those who have postulated ADH as the mediator of ACTH discharge by the pituitary is that the two hormones are released synchronously and inhibited synchronously. Rothballer appears to have been the first to advance this argument. This investigator based his hypothesis on morphological evidence of depletion of granules (presumably ADH) from the posterior pituitary to stimuli evoking ACTH discharge. Attention was also directed to the similarity of stressors releasing the two hormones.' Mirsky, Stein, and Paulish published a series of experiments in which they observed rapid variations of the antidiuretic activity of peripheral blood following traumatic or emotional stresses. Working with the rat they noted a 120 per cent rise in antidiuretic activity 30 seconds after exposure to intense noise. A similar rise of activity was observed following faradization or intraperitoneal injection of histamine. The administration of cortisone or bilateral adrenalectomy produced changes in the level of antidiuretic substance which paralleled the alterations in ACTH release. In addition they observed that changes in antidiuretic activity occur in hypophysectomized and adrenalectomized animals. These experiments were interpreted as evidence that ADH may mediate ACTH release. The estimates of antidiuretic activity by Mirsky et al. have been subject to criticism by Van Dyke who found their assay method to be non-specific.' The observations of this group on the relationship between antidiuretic activity of plasma and ACTH release are therefore of uncertain significance.
In an attempt to investigate the possible relationship of the two hormones, Nichols et al. simultaneously studied the plasma corticoid and antidiuretic responses of unanesthetized dogs to hypertonic saline injected into the carotid artery. With these more direct criteria for hormone release no correlation was demonstrable between antidiuresis and corticogenesis after endogenous ADH release. Although the antidiuretic response varied from moderate to maximal, elevation of plasma corticoids did not occur. Additional observations made of plasma corticoids during ADH inhibition by hydremia failed to show any parallel between the parameters.' MacDonald has noted similar disassociations in the human.57
In recent work Dingman and his co-workers were able to selectively stimulate the diencephalon of dogs producing either antidiuresis or ACTH release as indicated by increased corticoid levels in the adrenal effluent blood. '6 George and Way observed that whereas morphine induced both ACTH and ADH release, only less than one hundredth of the dose was required for stimulation of ADH discharge.' They found that the equivalent effect of the larger ACTH-releasing morphine dose could be reproduced with aspirin without any discharge of ADH. ' These data appear to justify the conclusion that ADH and ACTH are independently released. The other side of the argument remains to be discussed. Are the two hormones blocked simultaneously? McCann and Brobeck created electrocoagulative lesions of the hypothalamus in rats.' These lesions, which inhibited normal adrenal ascorbic acid depletion to stress, interrupted in each case the supraoptic-hypophyseal tract which Fisher et al. had shown to be essential for the release of ADH.1' The consequent diabetes insipidus in these rats failing to respond to stress by the release of ACTH was taken as strong evidence that ACTH release is mediated by ADH. However, in rats with hypothalamic lesions adrenal atrophy was not observed but rather adrenal hypertrophy which paralleled the severity of diabetes insipidus.'
Using plasma corticosterone levels instead of adrenal ascorbic acid depletion as an index of ACTH release, Nichols et al. reinvestigated this apparent relationship. In a series of more than 600 rats minute hypothalamic lesions were produced in the area of the median eminence. This lesion inhibited the stress response of plasma corticoids in about one fourth of the animals. These animals also demonstrated diabetes insipidus in all but very few cases. However, when the 303 animals with diabetes insipidus are studied, only half of these demonstrated a block of ACTH release. It is also noteworthy that in this series of animals demonstrating inability to release ACTH adrenal atrophy was observed.' The discrepancy between these observations and those of McCann may be due in part to the different indices of ACTH release. However, others using adrenal ascorbic acid depletion as the index of adrenal activation have also noted the lack of correlation between ADH and ACTH blockade.6"6"" This discrepancy also was noted in humans with diabetes insipidus who demonstrated no impairment of the ACTH response to exercise. ' Observing the antidiuretic response in rats, de Wied and Mirsky found that though prednisolone administration effectively inhibited the ACTH release following pain, or the injection of histamine or nicotine, the antidiuretic response to these stresses was intact.1' In contradistinction, McCann et al. noted that hydrocortisone significantly, although incompletely, blocked the antidiuresis following stress.' The apparent discrepancy does not eclipse the major agreement that endogenous ADH can be released in the animal with effective steriod blockade of ACTH release. Gaunt, Lloyd, and Chart found that hypothalamic antidiuretic activity was depleted by stress and increased by hydrocortisone administration. Parallel changes occurred in the posterior lobe antidiuretic activity except in the hydrocortisone treated animal where the material strikingly accumulated. The changes in activity were reflected in changes in secretory morphology." Schapiro et al. studied the urinary 17-OH steroid secretion in guinea pigs and found that steriod production did not parallel the changes in antidiuretic activity of the hypothalamus or posterior pituitary.' This evidence speaks against a physiological role of ADH in the regulation of ACTH release and also suggests that the level of endogenous adrenal steroids may never be sufficiently elevated to produce the ADH inhibiting effect seen with exogenous steroids.
The effects of neurohypophysectomy on ACTH release. A direct approach to the relationship between vasopressin and ACTH release has followed the classic mode of endocrine study: ablation of the posterior lobe. The neurohypophysectomized animal has been found refractory to stresses producing ACTH discharge in normal animals. The results of these studies are sum- Table 4 . One thing apparent from this table is the failure of any investigator to find a complete block of ACTH discharge to all stressors. In order to explain this finding, Nowell has postulated that only "systemic" stresses are inhibited,n whereas Smelik and de Wied found only "psychic" stimuli inhibited."' Fisher and De Salva noted that removal of the posterior lobe resulted in apparent blockade of the adrenal ascorbic acid response but not the corticosterone response to injected epinephrine.' Nichols and Brodish studied both "psychic" and "systemic" stresses in the neurohypophysectomized rat. They observed that the adrenal corticosteroid response to stress was intact. When the adrenal ascorbic acid depletion was observed in these chronically stressed animals, the results were variable as a consequence of observed elevations in ascorbic acid resting levels. Therefore, it is again emphasized that the ascorbic acid depletion test cannot be used reliab'y in the intact, chronically stressed rat.' Brodish Inhibition of ACTH release by exogenous ADH. Although major emphasis has been given to the stimulatory effects of vasopressin on ACTH release, the material also possesses an ability to inhibit ACTH discharge from the pituitary. The principal results of these experiments are summarized in Table 5 . Doses of 0.02 units inhibit various stresses when given to rats and mice 30 minutes before the onset of the stress.1'" The mechanism of this inhibition has been extensively studied by Arimura. This investigator found that the timing of the pre-medication was critical, with deviations from the 30-minutes-before-stress schedule failing to inhibit the stress response. Synthetic lysine vasopressin and pitressin were found to be equally effective. With the dosage employed, there was no change in the hematocrit or in the pituitary portal vessels when under direct observation. The phenomena could not be the result of a refractory period following the administration 428 Volu-nie 33, June 1961 of the premedication for small doses of epinephrine administered 30 minutes before stress did not inhibit the response. Inactivated lysine vasopressin was also without effect. 2 The physiological role of these phenomena is not apparent but greater significance should be attached to these observations for they occur with doses of vasopressin which as Kurokawa has noted approach the physiological level. '6 Itoh et al. found that hydrated rats were more responsive to stress and that dehydration reduced the adrenal response to the same stresses: epinephrine, histamine, and cold. Under these conditions, no change in adrenal sensitivity could be detected." Arimura observed that dehydration of rats suppressed their response to electrical shocking and unilateral adrenalectomy. In his hands hydration seemed to also suppress ACTH release although producing hypertrophic adrenals.2 These observations in general support the thesis of these investigators that ACTH may be inhibited by ADH.
The significance of the ADH theory of ACTH release. In response to the tenets of those who postulated that the antidiuretic hormone might be the mediator of ACTH release, one can now reply that there is no parallelism between release or inhibition of the two hormones. Only pharmacological doses are capable of stimulating ACTH release, and the integrity of the posterior pituitary or its hypothalamic projections is not necessary for ACTH release.
What then is the significance of all the studies on ADH and ACTH interrelationships? The evidence at hand does not exclude vasopressin from the cast of supporting players. Just as the earlier theories of epinephrine release and peripheral utilization of corticoids have been demonstrated to be insufficient in their attempts to explain the full phenomenon of ACTH release; the ADH theory cannot account for the observed phenomena when rigorous criteria are used. Just as epinephrine and push-pull theories have remained part of a background of well-documented factors regulating the pituitary-adrenal axis, the "vasopressin theory" will form part of our understanding of ACTH physiology.
Several conclusions remain unquestioned about the relationship of the antidiuretic hormone to ACTH release. The first is the ACTH releasing activity of a large variety of preparations of the pressor material in a variety of animal preparations as observed by all of the available criteria for ACTH release ( Table 1 ). The further observations that the ratio of ACTH releasing activity to pressor activity is constant regardless of purification,""7' the studies with purified or synthetic vasopressin, and the parallel inactivation of t-hese activities,' indicate that the activity is not due to a contaminant. The action of vasopressin in animals blocked to stress indicates a specificity of the effect on ACTH release (Table 2 ). These phenomena are valuable contributions to an expanding field of pharmacology of peptides.
Another contribution of these studies is that they may give insight into the nature of the physiological corticotrophin-releasing factor. It is tempting to speculate, as has Guillemin, that the activity of exogenous vasopressin may be due to a structural relationship to the physiological mediator of ACTH release.=' " Indeed Schally et al. have found that their ACTH releasing factor is closely related in size and amino acid composition but lacking in vasopressin activity.'M Although the evidence seems conclusive that ADH is not essential for the stress response of ACTH, there are several indications that it may play a more subtle role in regulating this anterior lobe hormone. That there is a relationship between the pituitary-adrenal system and ADH is supported by the excellent work of Gaunt et al. who found that hypothalamic antidiuretic activity varied inversely with plasma cortical hormone content.' The studies of pituitary ACTH content by Fortier"' reveal that changes in ACTH concentration parallel the hypothalamic antidiuretic activity observed by Gaunt.
The inhibitory effect of ADH on ACTH release as demonstrated by Arimura and other Japanese investigators may be another factor in the background of the ACTH release story ( Table 5 ). The fact that this phenomenon is demonstrated with near-physiological doses and seems to be quite specific in activity supports such a concept.
With these qualifications in mind it seems justified to relegate the ADH theory of ACTH release to the emeritus role enjoyed by previous attempts to explain this neural-glandular link in ACTH release. The contributions of this theory have been both material and intellectual for it has stimulated much of the present work in this field. Is not this sufficient justification for these studies?
